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VO (57) Abstract: A group HI nitride semiconductor substrate low in defect density and less in warp and its manufacturing method are 
CD disclosed. The manufacturing process comprises a sequence of steps of forming a metal Ti film (63) on a sapphire substrate (61), 
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^D including the voids (65). 
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T^iAbTb^ 5 iV^5iiM;i^fc5o ^t°^^iX^/P^SG a N(75^|5||^^f& 

9 > #ps¥i 0-3 1 2 9 7 i^<d:m.m(o^mmyT^^f\^x\i^ 
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^mmi^^if^i I i:K^<bi^¥^{$:M<^^ftfe(*. MovpEfe (.^m^ 

Sfcfeojjl^ m i^^'fbi^^^^^^ftjc^, Hv p Efe^^v^;5(D:6SM* bv\ 

OVPE?SfeT^AU ^<^#^ HVPE&t? Ill :^^^t:i^ii^^#:^J|[<J5Kfi:^ 
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G a A s ^(DWMPS^tW^-^. G a N. A 1 N, A 1 G a N^(D III I^WSM 

J:V^U -^ec^iic:. G a Nm^;ft^-^5'7rJitri^M.-CIII i^^-fki^^ 

GaN.A 1 GaN, I nGaN^fc{i I nAl G a N^^-T-S ^ ;6ST*# -So 
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;^^^B>g^^:*5v^T. III mmm^Mwm-%:mm-^:£M<o'^. -rmMm^mi 
^■^m. ^MTc^-^^^^fcf* III mmm^mwm^(o^mM(om-fhfift. 

T i i jfe^oii^^(7)^jsm±j-«jf ^tbfc III mmm 

( i ) T i/T i NOMISf^ffitt. 8 0 0 'C?|5M(^ig;?a-efim^tcHg;< 7^-5 
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±iB-rD(D^^icj; 19. T i/T i N(^^^>ffl-e:9•^?$tt?^ev^£^. m^it. -f-y 
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^;^jcj:«9. :i3K\^^^'^i^\.xmt!i^m^mm^^ti^i!>^. ±^mmt m 
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t ■hmm0.^mm^:i3\,^x^ v/m Jt< i o ^i-So ^^6^{j:g a V 

wxf^M^n^ ::itx\ ^m^M^m^:i^if^T i N(DN(Dm.m^iS:m\.x. 

1050*CX30mi nCD^fUm^MV. T i Bi^S^^'fb by5:„ ^(^#^ 
N2#IS^T-C1 0 4 0°C*T#?aL. G a N^Jji^S 0 0 n mff i;i±i^ HV 

^jfeSM«^^5S^^ (SEM) xmmu^vfct:!^. T i^±$JiiK^m^^ 
m^^h. ^KMm7!)m^^t\.xv^^:it7!)mm-^infco 
^fd. ^mr im^=^yv\-hmKit^xmm(Dmm^n^fct:i^. ^-^v^ 
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tco nc*5, mmm^. t i-^r iNmm(Dm±<DGaNm<Dm^\^^\'^x. m 
mw\ 1 ) 

<7)^?|^^i^7T-rrS;^l 1 (mi (a) ) <DC®±1^> J¥$3 0nm(D^^ 
T i m 1 2 ^^ajSit 0 . 8nm/sT^«bfc (mi (b))o^<^»^^ 
HVPElTl^Atb, Ga C 1 ^ NHg ^Jg^lSl-^ LT^ 7 5 0 (Z)G a Nil 
1 3<Srl /zm^:^Ufc (1^1 (c) ) „ 1 0 5 0 

ic#?&b. NH3^?5K4'-e3 0^P^|^*n.S^Jfe-t-^^Jcij:«9, t^JRT ilil 2;iS 
T i NJIIl ^\z.m\:.'t^hh%^\C^ (^GaNJftl'icl^l^l 4;dSff^^$ti.5 
(mi (d) ) „ 

lll!^I^T\ OGaN® 1 3±tCGa C 1 i:NH3^M3|S|-i: 
S iHgC 1 2^ ^•^'^'b^ bT^ 1 0 5 0'CT?S i :/(D|^-OG a Nil 

1 6 5 0 Aim^*ufc (mi (e) ) o c:ti.fe<^^ftf^^ffi.-efTV^, 
^•r yT;!?/;^<i: b-C. 10%*5j;t^N2 9 0% (#:^S^P) ^Sr^-a-bfc 
?ii-^:^;^^fflv^fce ^;g:;^:^(7?v/'iiil:kfi> i o ^ Ufc„ 

^-(DGaNJil 6(0^*^T^. ^— (7)GaNJll 3 *5 JlT^^ZK^G a N 
ill 6(D^Ji#:(*. Milia^-*5V^T1^7T-rTS'Kl 1 b i ^{-*iJit 

N@5tgtgi im^h^fz. (mi (f ) ) o 

#p3tb/cGaNi3i*^l 7OSI9Sr?l0^bfci:^;5. ^^(^KtlOft^^ 
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(i^mmm^mmm.) -x:m.^\^fct:L^. iii2jc^-rj;9(-. ^^r-^r^m 
mx^^\^fc'^^m(D^^^s^s ^is.mm-^^<^fcm.^n. ^(D^^M^^-r^m- 

(D^yT^T&U3 1 (1113 (a) ) (DCm±\^. TMG tNU^^WMt VX 
MOVPEfeteiJ;«9T>'K— :7'(^GaNJl3 2 1 m m^;S: Lfc (El 3 (b))o 
C: 0 LT#btl.fcG a Naifc''^dE^iX^/l^^;feg±t;i, T i 01 ^tNH^^mn.t 
\^XCYBm^Xy) . 8 0 O'C-CT i N^2 0 nm±i^$ii:. TiN)!g3 4<Sr 

^ntc (IEI3 (c) ) „ ^mmm^mi nmy s tvfco ^(T^f^ii^cDx^iuj/f 
iNi^3 4(* [111] :^\^\zmmi^timxh^^ttmm^t\^ito 

^/c. T i N)^3 4^?i^^bfciE!3 (c) O|SPtcDt^:mffi*5j:"0«^®^S 
EM-cm^bfc^ 0 5cDj; 5^^^5tJ-;^ceoTVNfc:o His (a) 

T iNm3 4^±mi!)^h^fcm> (b) t iNm3 4(DmWimx 
^^■r*3D^ Tm(DGaNW^mmm7!)m^m^mmi.x\^^^^mxh^ft. 

C:n^HVPElJ^}c:AH> N2#iaMT-ei 0 4 0°C^-e#?fiL. a O O /im 
Jp:(75GaN^±iaU. HVPE-Ga Nji3 6 ^Igttfc (1113 (d) ) „ ^;ft 
tz:^V^^jl3|S|-f*, NHa^G a C 1 -efcSo ^^:ffy^^(DG aC l^S.. 
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m^mt X.X^yr^rW&L^ Id^bS^idfJ^LfCo t^JUbfcHVPE-G 
a NJi 3 6 <^J?.®}^> g^|st3 Sds^ffitdtti-cv^s^fc, |^?^fj:Iiai£h:ds^®Jiim 

±l{::a:Ji^f/co^oMm>¥^^BC»GaNi3iS«3 7 tm^tifz-m^ iQ))o 
*fci. #fetv^cGaNi3i:3l^3 7cDSt)^a'J^bfcitr.;5. S^(DS«?<^ 

i^^m> mmm^m (250*0 f^^u ^^^^'^tf^y hT*fe^a:^stri®-<fc^ 

(^it0iJ3) 

^3^^(^1^7T-rT^^6 1 (me (a) ) <DCm±\^. TMG^NHa^mJN- 
t LTMOVP Efefc j; 19 >^G a Nil 6 2^1 /zm^^ftbfc (1216 

(b) ) o r 5 bT#t>tlfcG a N^t'iJ'^ariX^/V^tlitc:, ^JRT i ^ 2 0 
nm^^b. :^MT il^6 S^fgttfc (1116 (c) ) o ^^^^^0. 8 nm 
/s ^ b;^o^o^^?l:S^ri^tcAtt-C.NH3tr2 0%m^\^fz.l<i2%m^. 
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a tmT'fe9> V/III it«7tbrc„ ^Stts ^jE■CfTV^. =3?-^ y T 
;j5f;^i:UT. Hg 1 0%<lr^S'a'bfciN2^ffiV^fCo ;i(^^#-CG a 2 0 ju 

J^^^ffotio rc^^t. H2^-^yT:;{f;^-r'(^^SJ-*3ttS#^l&:^^;^'f<^Ga 
Cl^ffi^ ^n^^]^^^tl^n. 1X10-2 atm. 2. 5X10-1 a 
tmtb/Co i^A±(0-SP^<D^ft(Cj; 19. 3 0 0 Mm(DJ¥$(^G a NJl^^ifeS 

Lfio G a NJi^®f*.^-CN2=3e^ y T:^;^ ^'T'^A^fTofcm-a-f-itii^ UT^ 

m'^l3^-^<D^U-^^^'^-7^ux;>(D^mt^^hfhf:Lo HVPE-GaNJi66 
WLQ It^h^m^mUX^tio flJ^U;^HVPE-G a Njge 6(DiiJll®}:±. ^ 

¥J^^CDGaNi^S«6 7;6S#P,nfc (06 (f) ) o 

SrSSmbf^o ^fc. _hlSil^#^::LT^'^^UfcjgIJ(73^^N■^-ov^Tilf®SEM^ 
*d>bGaNJi(D^g|^<lr^^^>o^tC:5. 0%T'&o^c„ 
#^;h.fcGaNi3i:S^6 7 (^S »5 ^^BUJt Ufci CI 5. ^tS<^S t) <7)ft^^ 
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